Quorum sensing (QS) is a regulatory mechanism that enables bacteria to make collective decisions such as an increase in virulence factors and biofilm production. Inhibitors of QS are important research tools in the discovery of new potential anti-bacterial agents. Polygodial, drimenol and drimendiol are drimane sesquiterpenoids isolated from Drimys winteri, a Chilean native tree. Their QS activity, when tested on Chromobacterium violaceum ATCC 12472, showed that drimendiol is an inhibitor of QS, decreasing violaceine production in C. violaceum and decreasing biofilm formation of Pseudomonas syringae strains. Consequently it increased the biocide effects of CuSO 4 on biofilms of P. syringae.
The discovery that many bacteria use quorum-sensing (QS) systems to coordinate virulence and biofilm development has pointed out a new, promising challenge for antimicrobial drugs [1] . QS is a regulatory mechanism that enables bacteria to make collective decisions in relation to the expression of a specific set of genes; with effect in mobility, bioluminescence, virulence factors, the production of exopolyssacharides / exoenzymes, the formation of biofilms [2] , and providing resistance to antibacterial agents [3] . Bacteria forming part of a biofilm are reported to be up to 1000 times more resistant than the same bacteria in their planktonic state [4] .
In recent years, interest in the search for compounds that inhibit QS and the formation of biofilms has grown. Halogenated furanones have been found to inhibit the QS of pathogens such as Pseudomonas aeruginosa [5] . However, the high toxicity of these compounds makes them unattractive from a therapeutic point of view. The search for QS-inhibiting compounds has revealed that garlic extract is a strong inhibitor of QS in P. aeruginosa and that it reduces the biofilm's tolerance for tobramycin treatment [6] . Likewise, the extract of vanilla pods (Vanilla planifolia) is capable of inhibiting the QS of Chromobacterium violaceum [7] . Canelo is the common given name for the tree Drimys winteri. It is a sacred tree for Mapuche, the native tribe from the center-south of Chile, due to its medicinal properties. Chemical study of the extract of D. winteri has shown that polygodial, a dialdehyde sesquiterpene, has antifungal and bactericidal proprieties [8] .
We determined a structure activity relationship in the drimane skeleton with the analysis of polygodial, drimendiol and drimenol against the reporter QS bacterium C. violaceum. These three natural sesquiterpenes have functionality at either position 11 or 12. Polygodial, which has an aldehyde at positions 11 and 12, shows bactericidal activity over the reporter QS cells of C. violaceum from 100 μg/mL. Drimendiol, with alcohol moieties at positions 11 and 12, can be prepared in high yield by reduction of polygodial with NaBH 4 . This compound was not toxic to the bacteria until 800 μg/mL, but reduced by 70% the production of violacein pigment of the reporter strain C. violaceum ATCC 12472 at a concentration of 800 μg/mL.
Pseudomonas syringae, an important pathogen of plants, has a QS system that controls the production of exopolysaccharides such as alginic acid, and consequently the formation of biofilms [9] . Drimendiol reduces the production of alginic acid by 21.3% at 400 μg/mL and 51.1% at 800 μg/mL in biofilms of P. syringae B728a (Figure 2 ).
Biofilms of P. syringae ATCC B728a when cultured according to the colony of biofilm model for four days and treated with 800 μg/mL of drimendiol showed no biocide effects on the cells. Other biofilm sets treated with 250 μg/mL of copper sulfate as biocide agent, showed weak activity at shorter times (20 min). Then, it was possible to determine the synergistic effect of drimendiol and copper sulfate under those conditions, but both compounds lacked activity. The answer of the synergistic study showed that drimendiol increased the susceptibility of P. syringae to 99.9%, using copper sulfate as a biocide agent (Figure 3) . Drimendiol is the first drimane sesquiterpene reported to have QS inhibition activity against C. violaceum.
In P. syringae, drimendiol showed inhibitory effects on the production of alginic acid in biofilms, suggesting a possible inhibitory QS effect on this bacterium. Toxicity studies with P. syringae showed that drimadiol did not have cytotoxic effects, but bacterial susceptibility increased, notably when faced with copper sulfate. These findings indicate that the lower production of alginic acid in the biofilms of P. syringae B728a results in greater susceptibility of the strain to bactericidal agents. 
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Quantification of violacein:
The quantification of violacein was performed following the procedure described by Blosser et al. [10] , using the reporter strain C. violaceum ATCC 12472, which was cultured in either LB medium (control) or LB medium with 800 μg/mL drimadiol, at 30°C and 120 rpm for 24 h. To reject an effect on the viability of C. violaceum, we collected 100 μL of the medium with drimadiol and performed graduated dilutions and counts of colony-forming units (CFU).
Determination of biofilms:
The biofilm production of P. syringae was expressed in μg alginic acid per mg of total proteins. P. syringae biofilms were cultured according to the colony biofilm model [15] in MGY medium modified with sorbitol (0.6 M) and drimendiol (400 and 800 μg/mL), and inoculated with 1 x 10 3 cells, which were cultured for 4 days at 30°C. The biofilms were resuspended in NaCl, 0.9% w/v. The total proteins were quantified from the pellet and the alginic acid from the supernatant.
Quantification of alginic acid:
Alginic acid was quantified according to the method of May and Chakrabarty [16] . An aliquot of 70 μL of alginic acid was added to 600 μL of borate solution (1.4 %, w/v, H 3 BO 3 : H 2 SO 4 (c)) at 0ºC, and 20 μL of carbazole l solution (0.1 %, w/v, carbazole: ethanol). This was incubated at 55°C for 30 min, and the absorption of the supernatant was obtained at a wavelength of 530 nm.
Quantification of proteins:
Total proteins were quantified by the Bradford method [17] . The pellet obtained from the biofilm was resuspended in SDS 1%, w/v, then homogenized by sonication on ice, and centrifuged at 8000 x g for 5 min. Bradford reagent (200 µL) was added to 1 mL of the supernatant and quantification was achieved at a wavelength of 595 nm.
Biocidical effect of CuSO 4 on biofilms of P. syringae:
Biofilms of P. syringae were cultured according to the colony of biofilm model [11] in a TSA medium at 0.1% for 4 days at 30°C. Later, the biofilm was treated with 250 μg/mL of copper sulfate for 20 min in the presence and absence of 800 μg/mL of drimadiol. The biofilm was washed and re-suspended in PBS. The re-suspended cells were used for counts of culturable cells in King's B agar and direct counts of live and dead cells stained with the kit Live/Dead BacLight (Invitrogen), as well as metabolically active cells stained with CTC (5-cyano-2,3-ditolyl tetrazolium chloride).
